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OPTICAL 



FIELD OF THE INVENTION 



The present invention relates to an optical disk 
such as a video disk or compact disk for a read- 5 
only video which reproduces (information with laser 
light or a disk memory which is capable of both 
information recording and playback or erasure. 

70 

BACKGROUND OF THE INVENTION 



The substrates of optical disks such as video 
disks, compact disks and disk memories are con- is 
ventionatly made of hard plastics such as methyl 
methacrylate and polycarbonates. Such an optical 
disk employes two substrates each having a re- 
cording surface and a metallic reflective layer 
formed in superposition on one side. The two sub- 20 
strates are positioned in such a manner that the 
reflective layer on one substrate will face the re- 
flective layer on the other substrate and are bon- 
ded together, with a spacer being interposed there- 
between over the entire surface except the center 2s 
hole or in two selected areas, one being around the 
center hole and the other on the periphery. 

Adhesives which are conventionally used in 
bonding optical disk substrates include solvent 
type adhesive (e.g. epoxy based adhesives), heat 30 
activatable adhesives, and two-component conden- 
sation type cold curable silicone rubber based ad- 
hesives. Solvent type adhesives have the disadvan- 
tage that they erode both the substrates them- 
selves and the reflective films. Besides, they are 35 
unsuitable for mass production since the substrates 
have to be held stationary under uniform pressure 
applied for a long period of time until the adhesives 
are completely cured. Heat activatable adhesives 
have the advantage that they can be solidified in a 40 
short period of time after activation. On the other 
hand, the heat applied for activation gives thermal 
strain to the substrates to induce deformation of 
the substrates and the disk is unable to rotate 
uniformly to reproduce exact information. 45 

In order to ensure that storage of an optical 
disk at a high temperature for a long period of time 
will not cause any deterioration in quality thereof, 
optical disks are required to have a shear adhesive 
strength of at least 10 kg/cm 2 and a peeling so 
strength of at least 0.7 kg/20 mm after th y hav 
been subjected to a wet heat test under the con- 
ditions of 70 "C x 85% R.H. (relative humidity) for 
2,000 hours. However, none of the optical disks has 
been yet developed to fully satisfy those require- 
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SUMMARY OF THE INVENTION 



Accordingly, one object of the present inven- 
tion is to provide an optical disk produced by a 
process which is suitable for mass production and 
which involves neither attack of any parts such as 
substrates nor thermal strain. 

Another object of the present invention is to 
provide an optical disk having sati sfacto ry shear 
adhesive strength and peeling strength after having 
been subjected to a wet heat test under the con- 
ditions of 70* C x 85% R.H. for 2.000 hours. 

These objects of the present invention can be 
attained by either one of the following methods: 

1) placing a pair of disk substrates, each of 
which has a recording surface and a metallic re- 
flective layer in superposition on one side, in such 
a manner that the reflective layer on one substrate 
faces the reflective layer on the other substrate, 
and bonding the two substrates with a smooth- 
surfaced silicone-made double-side pressure-sen- 
sitive adhesive member; or 

2) placing a pair of disk substrates, each of 
which has a recording surface and a metallic re- 
flective layer in superposition on one side, in such 
a manner that the reflective layer on one substrate 
faces the reflective layer on the other substrate, 
interposing spacers between the two substrates at 
both outer peripheral and inner peripheral portions 
of the substrates, and bonding the two substrates 
by adhering interfaces between the substrates and 
the spacers with a smooth-surfaced silicone-made 
double-side pressure-sensitive adhesive member. 

In a preferred embodiment, the smooth-fur- 
faced silicone-made double-side pressure-sensitive 
adhesive member comprises a mixture or con- 
densation product of a copolymer resin consisting 
essentially of S1O2 units and FbSiOo^ units wherein 
R is an alkyl group having 1 to 4 carbon atoms, an 
alkenyl group or an aryl group, and a dior- 
ganopolysiloxane consisting essentially of R 2 SiO 
units wherein R is the same as defined above. 



BRIEF DESCRIPTION OF THE DRAWINGS 



Figure 1 is a cross section of an optical disk 
according to one embodiment of the present inven- 
tion; 
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Figure 2 is a cross section of an optica) disk 
according to another embodiment of the present 
invention; and 

Figure 3 is a partial side view showing the 
silicone-base pressure-sensitive adhesive member 
in bulk form used in the fabrication of the optical 
disk of the present invention. 



DETAILED DESCRIPTION OF THE INVENTION 



Figure 1 shows, in a cross section, an optical 
disk according to one embodiment of the present 
invention; 1 and l' are each a disk substrate made 
of a hard plastic such as methyl meth aery late or 
polycarbonate; 2 and 2 are each a recording sur- 
face; 3 and 3' are each a metallic reflective layer. 4 
and 4 are each a reflective layer protecting layer 
which may be provided as required; and 5 is a 
smooth- surfaced silicone-made double-side 
pressure-sensitive adhesive member. 

Rgure 2 shows, in a cross section, an optical 
disk according to another embodiment of the 
present invention; 6 is an outer peripheral spacer 
made of the same material as that of substrate 1 ; 7 
is an inner peripheral spacer; and 8 is a hollow 
portion formed between the spacers 6 and 7. 

Rgure 3 is a partial side view showing, in bulk 
form, a silicone-made pressure-sensitive adhesive 
member 5 comprising the above-described 
copolymer resin and diorganopolysiloxane. A film 
or sheet 9 having a very smooth (surface rough- 
ness: 1 urn or less) and low-adhesive surface is 
attached temporarily to both sides of the member 
5. Materials of film or sheet 9 are a polyester, 
polypropylene, etc. The member 5 may be com- 
posed of a silicone-made pressure-sensitive adhe- 
sive alone, but if desired, a transparent plastic film 
such as a polyester, polyolefin, polyimide, 
polyether sulfone, polyether ether ketone or poly- 
phenytene sulfite film may be used as the core 
material of the member 5. 

The silicone-made pressure-sensitive adhesive 
which constitutes the member 5 is described be- 
low. In the preferred embodiment the adhesive is 
comprised of a mixture or condensation product of 
a copolymer resin and a diorganopolysiloxane. 

The copolymer resin consists essentially of two 
components of a Si02 unit and an R3S1O0.5 unit 
such as trimethylsiloxane, triethylsiloxane, methyl- 
vinylpropylsiloxane, divinylmethylsiloxane, phenyl- 
dimethylsiloxane or diphenylsiloxane. The molar ra- 
tio of Si02 to R3di0 0 .s unit is preferably in the 
range of from 1:0.3 to 1:1.2. The organic group in 
the triorganosiloxan represented by R3S1O0.5 unit 
is constituted by an alkyl group having 1 to 4 
carbon atoms such as methyl, ethyl or propyl, an 
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alk nyl gr up such as vinyl or allyl, or an aryl 
group such as phenyl, naphthyl or tolyl. 

Diorganopolysiloxane consists essentially of an 
R2S1O unit such as dimethylsiloxane, diethylsilox- 

5 ane, ethylmethylsiloxane, propytmethylsiloxan , or 
vinyfmethylsiloxane and is a sifoxane terminated 
with a hydroxyl group at the ends of its molecular 
chain. To attain the objects of the present inven- 
tion, this diorganopolysiloxane should have a vis- 

70 cosrty of at least 1 00,000 cSt. preferably 500,000 to 
3,000,000 cSt at 25 "C. The viscosity is generally 
measured with, for example, Brookfield viscometer. 

The organic group in the stloxane represented 
by R?SiO unit is constituted by an alkyl group 

75 having 1 to 4 carbon atoms such as methyl, ethyl 
or propyl, an alkenyl group such as vinyl or allyl, or 
an aryl group such as phenyl or naphthyl. It is 
preferred that such an organic group contains at 
least 5 mol% of an aryl group, in particular a 

20 phenyl group. 

A preferred example of the diorganopolysilox- 
ane is a siloxane rubber which contains both meth- 
yl and phenyl groups as organic groups, with the 
proportions of methyl phenyl groups being in the 

25 range of from 95 to 75 and from 5 to 25 mol%, 
preferably from 90 to 80 and from 10 to 20 mol%, 
respectively, from the standpoint that a shear adhe- 
sive strength of at least 10 kg/cm 2 and a peeling 
strength of at least 1 kg/20 mm in a wet heat test 

30 under the conditions of 70* C x 85% R.H. for 2,000 
hours can be securely obtained. 

The copolymer resin and diorganopolysiloxane 
are used with the weight ratio within the range of 
from 70:35 to 15:85, preferably from 60:40 to 

35 25:75. They are mixed or condensed by a conven- 
tional method using an organic peroxide or a metal 
salt of, for example, carboxylic acid to prepare a 
silicone-made pressure-sensitive adhesive having 
excellent adhesive and cohesive properties under 

40 normal conditions (25±2° C; 65±5% R.H.). A filler, a 
plasticizer, a colorant or any other necessary ad- 
ditive may be incorporated into this adhesive, in 
suitable amounts. 

The pressure-sensitive adhesive thus prepared 

45 is applied on the surface of a base film or sheet 
having a very smooth (surface roughness: 1 um or 
less) and low-adhesion surface to form a coating 
having a thickness of 10 to 300 um and the result- 
ing laminate is then wound on itself in roll form. 

50 Alternatively, the surface of the adhesive layer is 
covered with the same base film or sheet as de- 
scribed above to form a planar form. If a core 
material is interposed between the adhesive layers, 
the thickness of each adhesive layer is generally 

55 about 5 to 150 um as a guide figure. 

The pressure-sensitive tape or sh t in ith r 
roll or planar form can be processed into a smooth- 
surface pressure-sensitive adhesive member by 
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the following method: when the tape or sheet is in 
roll form, it is unwound and only th adhesive layer 
is cut to form a plurality of equally spaced circular 
adhesive members, with the undesired areas being 
then removed (in the case of producing an optical 
disk of the type as shown in Figure 1); when the 
tape or sheet is in planar form, only the adhesive 
layer is likewise cut to form concentric adhesive 
rings, one being of a larger diameter (for use as an 
outer peripheral spacer) than the other (for use as 
an inner peripheral spacer), and the base film or 
sheet under the center hole of the smaller-diameter 
ring is simultaneously punched out (in the case of 
producing an optical disk of the type as shown in 
Figure 2). Generally, the same method is applied to 
the planar tape or sheet and the base film or sheet 
under the adhesive layer may be peeled either 
before or after the processing. 

An optical disk is fabricated by the following 
procedures: The pressure-sensitive adhesive mem- 
bers spaced at equal distances on the surface of 
the base film or sheet are sequentially attached to 
the metallic reflective layer on one disk substrate, 
with care being taken to ensure that no air will be 
entrapped between the reflective layer and each 
adhesive member (this may be accomplished by 
pressing between rollers the base film or sheet 
having the adhesive members from one end por- 
tion), and after peeling off the base film or sheet, 
the other disk substrate is attached to the adhesive 
side of the first substrate. 

The thus fabricated optical disk of the present 
invention has the following advantages. Firstly, the 
pressure-sensitive adhesive member will not attack 
the substrates or any other parts of the disk. Sec- 
ondly, the disk is free from any thermal strain since 
it does not require heating in the process of its 
fabrication. Thirdly, the disk is adapted for mass 
production. Fourthly, this optical disk retains high 
shear adhesive strength and peeling strength and 
will not generate any dropout noise even if it is 
subjected to a wet heat test under rigorous con- 
ditions. 

The present invention is now illustrated in 
greater detail by reference to Examples, but it 
should be understood that the present invention is 
not deemed to be limited thereto. In these exam- 
ples, all the parts are by weight unless otherwise 
indicated. 



EXAMPLE 1 



Two bulk substrat s for optical disk were pre- 
pared from a polycarbonate r sin by injection 
molding. A recording surface was formed one side 
of each bulk substrate. As a metallic reflective 



layer, an aluminum layer was formed in a thickness 
of about 1000 A over the recording surface by 
vacuum deposition to an optical disk substrata. 
A silicone pressure-sensitive adhesive constst- 

5 ing essentially of 50 parts of a copolymer resin 
comprising SiCfe and RaSiO&s units in a molar ratio 
of 1:0.55 and 50 parts of cfiorganopolysiloxane 
(8000.000 cSt at 25* C) comprising R^SiO units 
containing 15 moi% phenyl group and 85 mol% 

to methyl group was prepared. This adhesive was 
formed in a thickness of 30 urn on both sides of a 
25 urn thick polyester film by conventional method. 
A polyester firm which had been subjected to a 
release treatment to make the surface thereof 

75 smooth and low adhesive was bonded to both 
sides of the assembly to obtain an adhesive mem- 
ber in planar form. 

The adhesive member was punched to the 
same shapes as that of the disk substrates. After 

20 stripping the polyester film on one side thereof, the 
adhesive membrane was attached to the reflective 
layer on one substrate. Thereafter, the polyester 
film was stripped from the other side of the adhe- 
sive member and the adhesive membrane was 

25 attached to the reflective layer of the other sub- 
strate. The two substrates bonded through the ad- 
hesive membrane were pressed uniformly to obtain 
an optical disk. 

The optical disk thus fabricated was entirely 

30 free from deformation and could be left to stand for 
6 months without any corrosion occurring in the 
reflective layers. 

This optical disk was subjected to a wet heat 
test under the conditions of 70* C and 85% R.H. 

35 for 2,000 hours. The disk retained a shear adhesive 
strength of 15 kg/cm 2 and a peeling strength of 1.1 
kg/20 mm, and did not generate any dropout noise. 

40 EXAMPLE 2 



An optical disk was obtained in the same man- 
ner as in Example 1 except that a dior- 
45 ganopolysiloxane wherein organic groups were all 
methyl groups was used. 

This optical disk was entirely free from de- 
formation and corrosion. After a wet heat test, the 
disk retained a shear adhesive strength of 13 
so kg/cm 2 and a peeling strength of 0.8 kg/20 mm. 

From the results of Examples 1 and 2. it will be 
apparent that an optical disk having higher reliabil- 
ity can be obtained when a diorganopotysiioxane 
which contains phenyl as an organic group is used. 
55 Shear adhesiv strength and peeling strength 

were measured by the following methods. 



4 



7 



EP 0 330 197 A2 



8 



Shear adhesive strength : 

A 25 mm x 25 mm x 25 mm piece of an 
adhesive member was bonded to one end of a 
polycarbonate (PC) plate having a size of 1 mm 
thickness, 25 mm width and 125 mm length. On 
end of another PC plate having the same size was 
bonded to the other side of the adhesive member 
piece in such a manner that the two PC plates do 
not overlap. A 5 kg load was applied to the bonding 
portion of the PC plates for 15 min. The test piece 
was exposed to a 70 *C x 85% R.H. atmosphere 
for 2,000 hours and thereafter left to stand at room 
temperature for more than 2 hours. The extremities 
of the PC plates were pulled in opposite directions 
at a speed of 200 mm/min. 



Peeling strength: 

A 20 m wide piece of adhesive member having 
a polyester film coated on one side thereof was 
bonded to a PC plate having 1 mm thickness. 40 
mm width and 125 mm length in such a manner 
that the uncoated other side of the piece faces 
down. Those were pressed by one reciprocal 
movement of a 2 kg rubber roll over the polyester 
film. The test piece was left to stand at room 
temperature for 30 minutes, exposed to a 70 C x 
85% R.H. atmosphere for 2.000 hours, and then 
left to stand at room temperature for more than 2 
hours. The cooled test piece was subjected to a 
180* peeling test at a tensile speed of 300 
mm/min. 

While the invention has been described in de- 
tail and with reference to specific embodiments 
thereof, it will be apparent to one skilled in the art 
that various changes and modifications can be 
made therein without departing from the spirit and 
scope thereof. 



Claims 



and R3S1O0.5 units wherein R is an alkyl group 
having 1 to 4 carbon atoms, an aikenyl group or an 
aryl group, and a diorganopolysiloxane consisting 
essentially of RaSiO units wherein R is the sam as 
5 defined above. 

3. An optical disk as claimed in claim 2, 
wherein Rs in the siioxane represented by FfcSiO 
unit contain at least 5 mol% of aryl group. 

4. An optical disk as claimed in claim 2, 
10 wherein the siioxane represented by RaSiO unit 

has a viscosity of at least 500,000 cSt at 25 "C. 

5. An optical disk comprising a pair of sub- 
strates, each having a recording surface and a 
metallic reflective layer in superposition on one 

15 side, which are positioned in such a manner that 
the reflective layer on one substrate faces the 
reflective layer on the other substrate, with a spac- 
er being interposed between the two substrates at 
both outer peripheral and inner peripheral portions 

20 of the substrates, said substrates being bonded 
together by adhering the interfaces between the 
substrates and the spacers with a smooth-surfaced 
silicone-made double-side pressure-sensitive adhe- 
sive member. 

25 6. An optical disk as claimed in claim 5, 
wherein said smooth-surfaced silicone-made 
double-side pressure-sensitive adhesive member 
comprises a mixture or condensation product of a 
copolymer resin consisting essentially of SiOa units 

30 and RaSiOoi, units wherein R is an alkyl group 
having 1 to 4 carbon atoms, an aikenyl group or an 
aryl group, and a diorganopolysiloxane consisting 
essentially of R2SiO units wherein R is the same as 
defined above. 

35 7. An optical disk as claimed in claim 6, 
wherein Rs in the siioxane represented by R 2 SiO 
unit contain at least 5 mol% of aryl group. 

8. An optical disk as claimed in claim 6, 
wherein the siioxane represented by R2S1O unit 

40 has a viscosity of at least 500,000 cSt at 25* C. 



1. An optical disk comprising a pair of sub-. 45 
strates, each having a recording surface and a 
metallic reflective layer in superposition on one 
side, which are positioned in such a manner that 

the reflective layer on one substrate faces the 
reflective layer on the other substrate, said sub- so 
strates being bonded together with a smooth-sur- 
faced silicone-made double-side pressure-sensitive 
adhesive member. 

2. An optical disk as claimed in claim 1, 
wherein said smooth-surfaced silicone-made ss 
double-side pressure-sensitive adhesive member 
comprises a mixture or condensation product of a 
copolymer r sin consisting essentially of Si02 units 
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